The germination response of Ocotea pulchella (Nees) Mez seeds to light, temperature, water level and pulp presence is introduced. The laboratory assays were carried out in germination chambers and thermal-gradient apparatus, whereas the field assays were performed in environments with distinct light, temperature and soil moisture conditions within a permanent parcel of Restinga forest of the Parque Estadual da Ilha do Cardoso, Cananéia, São Paulo. The seeds do not exhibit dormancy, they are non photoblastic, and a loss of viability in dry stored seeds can be related to a decrease in water content of the seed. The presence of the pulp and the flooded substratum influenced negatively the germination of O. pulchella seeds tested in the laboratory. Otherwise, light and temperature probably are not limiting factors of the germination of O. pulchella seeds in the natural environment of Restinga. The optimum temperature range for germination of Ocotea pulchella seeds was 20 to 32 °C, the minimum or base temperature estimated was 11 °C and the maximum ranged between 33 and 42 °C. The isotherms exhibited a sigmoidal pattern well described by the Weibull model in the sub-optimal temperature range. The germinability of O. pulchella seeds in the understorey, both in wet and dry soil, was higher than in gaps. Germination was not affected by fluctuations in soil moisture content in the understorey environment, whereas in gaps, germination was higher in wet soils. Thus, the germination of this species involves the interaction of two or more factors and it cannot be explained by a single factor. 
Germination of Ocotea pulchella (Nees) Mez (Lauraceae) seeds in laboratory and natural restinga environment conditions

Introduction
Restinga forests occur in sandy seashore plains, composed of a range of structurally distinct plant communities and mainly related to soil characteristics such as water saturation, water bed depth, organic matter content, age and structure, as well as to the placement of the communities, e.g., the distance from seashore or mangrove (Silva, 1988) .
Lowland tropical forest trees are in general derived from seeds. Thus, the knowledge of the effects of different environmental factors on the seed germination is essential for knowing the species distribution and the processes occurring at community level such as seedling establishment, plant succession and natural regeneration (Raich and Khoon, 1990; Vázquez-Yanes and OrozcoSegovia, 1990 ). Many studies have been carried out showing that the species composition of distinct vegetation physiognomies from tropical forests is related to the specific requirements and adaptations of both the germination process and seedling development to different light, temperature, moisture and soil nutrients conditions in the range of forest microenvironments, including canopy gaps and flooded areas (Whitmore, 1978; Denslow, 1980; Joly, 1991) .
Temperature is a very important factor controlling seed germination, affecting both the rate and final percentage of germination. Within a given range, only the germination rate (the reciprocal of the time taken for germination) is affected by temperature and such germination rate dependency on temperature may be one of the most important factors controlling the emergence timing in the field, thus influencing the probability of seedling establishment (Washitani, 1985) . Most seeds exhibit minimum (T b ), optimum (T opt ) and maximum (T max ) temperatures for germination. In the sub-optimum temperature range, a thermal time approach can be used to characterize the distribution of the time to germination at different sub optimal temperatures, according to a model proposed by Garcia-Huidobro et al. (1982) . For seeds, the thermal time represents the progress toward germination and it can give a good estimate of the time to emergence for specific crops. According to the model, in the sub-optimum range the germination rate increases linearly with the temperature and the variation in the time to germination is due to the seeds having different thermal time requirements. At supra-optimal temperatures, however, both the germination rate and germinability declines as temperature increases, and the variation of T max accounts for the differences in the rates of germination, while the thermal time to radicle protrusion is a constant for all seeds (Bradford, 1995) .
Although some studies have focused on ecophysiological aspects of Restinga species (Scarano et al., 1997; Pinheiro and Borghetti, 2003) , much work is still necessary -particularly for those related to the initial plant development stages -to understand forest dynamics and contribute to recovery and conservation actions of the Restinga biome. Ocotea pulchella (Nees) Mez (Lauraceae) is a tree growing up 4 to 30 m in height; zoochoric; occurring frequently in Restinga forest; with high IVI (importance value index) in non-flooded forests in the south littoral of São Paulo State and the north of Paraná State (Carrasco, 2003; Sugiyama, 2003; Silva and Britez, 2005) . O. pulchella is also widely distributed in the seasonal forests of Espírito Santo, Minas Gerais, Mato Grosso do Sul and the south of Brazil (Lorenzi, 1992) , as well as in gallery forests and the Cerrado of São Paulo state (Gomes et al., 2004; Teixeira and Rodrigues, 2006) . The species is indicated for reforestation in São Paulo state (São Paulo, 2001 ) and has been classified as anthropic pioneer (Salimon and Negrelle, 2001) , and late secondary (São Paulo, 2001 ).
The project is included in the major program "Diversity, dynamics and forest conservation in São Paulo state: 40 ha of permanent plots", of the FAPESP Biota Programme. In this programme, permanent plots of 10.24 ha each were located in different forest stands, including a plot in a Restinga forest of "Ilha do Cardoso", São Paulo state, within which O. pulchella contributes to 3.5% of the trees ≥4.8 cm DAP (Oliveira et al., 2006) . This paper presents the results of the assays on the germination response of O. pulchella seeds to light, temperature and water level, both in the natural environment and controlled laboratory conditions, and discusses the role played by those factors on the germination of the species in the Restinga environment.
Material and Methods
Ocotea pulchella seeds were collected in October 2003 in a Restinga forest of the "Parque Estadual da Ilha do Cardoso", Cananéia, and Ilha Comprida, São Paulo state, from each of at least six mature plants. The seeds were cleaned (pulp removal) by hand under tap water with the aid of a sieve. Newly collected seeds were used in the laboratory assays, whereas seeds stored for nearly ten days were used in the field germination assays. The seed water content (fresh weight basis) was determined from three samples of 20 seeds each, according to Silva (1988) . For imbibition time-course, five samples of 20 seeds each were taken at random from the batch, weighed and immersed in distilled water at 25 °C; then the samples were periodically removed from water, blotted on filter paper, weighed and returned to water.
Laboratory assays
The assays testing the effect of light conditions were performed in 11.5 × 11.5 × 3 cm germination boxes (gerbox) filled with vermiculite moistened with distilled water. For the darkness treatments, black germination boxes were used. The assays were kept in growth cabinets at 25 ± 1 °C. Each experiment was carried out with five replicates of 20 seeds per replicate. White light was obtained with "day-light" fluorescent lamps (irradiance of 29.3 µmol.m -2 /s at gerbox level), and far-red light (ir-radiance of 5.36 µmol.m -2 /s.nm -1 ) was obtained with a filter composed of a layer of red acrylic and a layer of blue acrylic (maximum transmission at 730 nm) under a 40 W tungsten bulb. The germination boxes were covered with nylon screen (sombrite ® 50%) for lower irradiances treatments. The germination (radicle protrusion through the seed coat) in both darkness and far red light treatments was recorded under green safety light (Amaral-Baroli and Takaki, 2001 ).
In the flooding experiment, a volume of water was added to the substrate, just enough to cover the seeds. An assay was carried out to compare the germination of intact fruits and naked (pericarp free) seeds. Both the experiments were carried out in germinators at 25 °C under white light.
The temperature dependence of the germination was assayed in a temperature gradient block based on methodology described by Labouriau and Agudo (1987) , over the temperature range of 16-40 °C. The temperatures were measured with PT100 sensors connected to an electronic thermometer JK model SK 010. The seeds were germinated in plastic trays lined with strips of qualitative filter paper kept saturated with distilled water, and the trays were put inside glass assay tubes (250 × 25 mm), closed with inox stoppers. Five tubes with 20 seeds each were used per treatment. In all the thermal treatments, the seeds were maintained in darkness throughout, except when the tubes were removed from the block for germination counts.
Germinability was measured by the final germination percentages of the pooled samples. The average germination rate was calculated according to Labouriau and Agudo (1987) for the assays testing the effect of light regimes and the effect of flooding on germination. For the experiments focusing on the effect of temperature on the germination of Ocotea pulchella, the germination rate was computed as the reciprocal of the time (days) to radicle emergence of an arbitrary percentage or fraction g (g = 5, 10, 20, 30, 40 and 50%) , estimated from the germination time courses fitted by the Weibull function (Dumur et al., 1990) . Germination time courses at the infra-optimum temperatures were normalised on a thermal time scale (Garcia-Huidobro et al., 1982) from the parameter T b (base temperature) identified according to the model: probit(g) = {log [(T-T b )t g ] -log θT (50) }/ σθ T , where probit(g) is the probit transformation of percentage g; t g is the time to germination of g per cent; θT (50) or μ is the median thermal time to germination and; σθ T is the standard deviation (the inverse of the slope of the probit regression line). The T b value was obtained by combining the data from a range of temperatures and varying the value of T b until the best fit is obtained (Bradford, 1995) . For the temperatures of 32 and 35 °C, it was assumed that thermal time did not vary within the population and that variation in T max accounts for the variation in germination time of Ocotea pulchella. Such variation in T max was described by the model: probit(g) = a +[(T+θ/t g )/σ Tmax ], where a is an intercept constant; θ is the thermal time and σ Tmax is the standard deviation of the frequency distribution of T max within the sample . Thus, the thermal time value was obtained by plotting probit(g) against [(T+θ/t g )] and varying the value of θ until the highest coefficient of determination (r 2 ) is attained. Both the germinabilities and average germination rate were tested for homogeneity of the variances (Bartlett test) and submitted to Anova if the variances were homogeneous, otherwise non parametric statistics (e.g. Kruskall-Wallis or Mann-Whitney tests) were used.
Field assays
The assays were carried out in a permanent plot of 10.24 ha divided into 20 × 20 m sub-parcels, located in a Restinga stand of "Ilha do Cardoso", São Paulo state (24.93° S e 47.95° W). The climate in the region has been classified as mega-thermal and super humid, with no well defined dry season; excess of rainfall in summer; and climate Af according to the Köppen system of classification (Funari et al., 1987) . The annual mean temperature was 22.4 °C, with maximum of 30.4 °C (hottest month, February) and minimum of 12.6 °C (coldest month, July). The mean annual rainfall was 2,261 mm, with no water deficit (DAAE/SP). The soil of the parcel had been classified, following Embrapa's nomenclature (1999), as hydromorphic spodosols, quartzarenic neosols and organosols, variations being observed in relation to the depth of the eluvial horizon, that condition different levels of soil moisture (Gomes et al., 2007) .
Five sampling points at least 20 m apart from each other were distributed in each of the following environments, recognised according to their light fluctuation (understorey and gap) and near-surface apparent soil moisture ("dry", and "moist"): "dry understorey" (DU); "moist understorey" (MU); "dry gap" (DG); and "moist gap" (MG). Canopy openings over 4 m 2 were considered as gaps. The environments are described in detail by Pires (2006) . Irradiance (PAR at soil surface level), was estimated in each point (three measurements per point) for clear days between 10:30 AM and 02:00 PM with a LI 1000 (LiCOR) radiometer, in February 2005. The mean irradiance (x ± SE, μmol.m -2 /s) recorded in DU, MU, DG and MG environments was 43 (±15), 13 (±3), 561(±99) and 324 (±123), respectively. The soil surface moisture (0-5 cm) was estimated at the time of the assays in each point by the gravimetric method, and maximum and minimum temperature measurements were taken at two points in each of the sampled environments ( Figure 1a, b and c) .
In the beginning of December, 2003, four samples of 20 seeds each were put into 1 mm 2 nylon mesh bags (12 × 12 cm), filled with forest soil, distributed on the soil surface, and the number of germinated seeds was recorded monthly.
Germinability data were analysed with Anova, followed by mean comparison (F test). The non parametric Kruskall-Wallis test was applied if variances were not homogeneous and the respective confidence intervals were calculated (Zar, 1996) .
Results
Ocotea pulchella seeds used in the assays weighed (mean fresh matter mass) 80 mg per seed, and seed water content represented 39% of that mass. The seeds lost 30% of their water content after 30 days of storage in a climatised room with a temperature of 25 ± 2 °C, and 48% of water after 60 days of storage, whereas the germinability taken as 100% at time zero decreased to 49% and 32%, respectively. The fresh mass of seeds immersed for five days in distilled water at room temperature increased 3-4% as compared to non imbibed seeds. In the laboratory assays the radicle protrusion at 25 °C started 7-10 days after sowing. The mean germinability of O. pulchella seeds in the laboratory assays was not more than 52%. Most of the remaining non germinated seeds were soft and/or swollen with fungal infestation. The germination of O. pulchella seeds under broad band far red light, both under full irradiance and Sombrite ® 50%, was statistically similar to germination under white light and darkness (Figure 2 ). The germinability of flooded seeds at 25 °C dropped to approximately 5% after four months from sowing, and similar results were obtained with intact fruits germinated on substrate kept saturated with distilled water (Figure 2) .
The temperature dependence of the Ocotea pulchella seed germination rate and germinability are shown (Figure 3 ). In general, the germinabilities (maximum germination percentage) of different thermal treatments were statistically similar in the range of 16 to 35 °C, with the exception of the temperatures 20 and 35 °C that differ from each other (Figure 3a) . Germination was null at 40 °C. The germination curves (accumulated distribution of the times required for germination) were fitted by the Weibull distribution function. The fitted curves were used to find the time (t) required for the germination of different percentage fractions, and the germination rate (reciprocal of t) was estimated for different fractions of the population (Figure 3b) . At 35 °C, the germinability was below 30%, thus the times taken for germination to reach 30 and 80% were not calculated. The relationship between the rate of progress of seed germination to 5, 10, 20, 30 and 40% and constant temperatures from 16 to 20 °C exhibits a linear tendency. The germination rate increases with temperatures in the range of 16 to 20 °C, considered as "infra-optimum", and it drops at 35 °C (Figure 3b) . In spite of the insufficient number of points, we also assumed a linear relationship between germination rate and temperature in the "supra-optimum range" (32 to 40 °C). Those assumptions allowed the germination response of O. pulchella seeds both in the infra and supra optimal temperature range to be investigated in terms of thermal-time model. Figure 4) were determined from the equation θ g = (T-T b )t g , with the base temperature, T b , set at 11.1 °C.
(T-T b )t g ] (thermal time). The thermal time (θ g ) values corresponding to each observed germination percentage at time t g (symbols in
In the field assay carried out in Restinga, the germination of Ocotea pulchella seeds directly sowed on the soil in December occurred over a three-month period from sowing, particularly in the first month (Figure 1d ). The germinabilites in "moist" and "dry" understorey were similar to each other and significantly higher than in gaps (Figure 1d) . Very low germination (around 10%) was recorded in "dry gap" environment as compared with the germinabilities observed at other sites (Figure 1d) . It is remarkable that the mean germinabilities (around 80%) in the field were higher than the germinabilities in the laboratory assays, the mean values of which attained a maximum of 54%.
Discussion
Ocotea pulchella seeds do not present dormancy and the germination occurs up to approximately two months from dispersion; thus the species can not form a persistent soil seed bank (viable seeds in the soil more than one year) (Alvarez-Buylla and Martinez- Ramos, 1990) , suggesting that regeneration is mainly dependent on seed rain (Pires, 2006) . Nevertheless, the seeds remain viable up to three months after sowing and that trait can influence the distribution pattern of the germination times, spreading germination over a more extended period and avoiding unfavorable weather for subsequent plant establishment. The O. pulchella seeds are lipid rich and the water content is relatively high in mature seeds (Passos and Oliveira, 2003) , which can account for their low imbibition rate. It was observed that a decrease of the germinability of O. pulchella seeds stored in laboratory conditions (dry storage) was accompanied by a decrease of the moisture percentage of seeds, suggesting that a loss of viability can be related to a decrease in water content of the seed and that seeds exhibit a recalcitrant pattern under storage. Many non-pioneer species from tropical forests evolved in an environment in which water is not a limiting factor, thus their seeds did not suffer selective pressure toward a high tolerance to drying and are recalcitrant (Pammenter and Berjak, 2000) .
Taking into account the response of the O. pulchella seeds to different light regimes in laboratory conditions, the species appears to demonstrate a wide spectrum in germination response to the light environment and they can be classified as non-photoblastic (Majerowicz and Peres, 2004) , since germination is not affected by light quality and quantity. Thus, the seeds can germinate under a wide range of light conditions in the natural environment as observed in the field assays (mainly in the understorey). Such a pattern differs from that observed in some pioneer species in which germination is inhibited by far-red light (Válio and Joly, 1979; Zaia and Takaki, 1998) , and it may be advantageous for tropical trees of more advanced successional stages or from the understorey, in which both irradiance and the red:far-red ratio are usually low (Vazquez-Yanes, 1976; Vazquez-Yanes and Orózco-Segovia, 1984) . Depending on the temperature, germination can even be favored by far-red light as reported for Ocotea catharinensis, a non-pioneer species of Atlantic forest (Silva and Aguiar, 1998) .
Ocotea pulchella seeds germinate over a relatively wide temperature range, although the germination was null at 40 °C. The results suggest low tolerance of the seeds to high temperatures and it can help to explain the lower germination of O. pulchella seeds in the gaps in which maximum temperatures recorded at the time of the field assays were around 41.5 °C, whereas the maximum temperature recorded in the forest understorey was 32 °C. The inhibitory effect of high temperatures on seed germination has been observed in many tropical trees (Silva et al., 2002; Godoi and Takaki, 2004) . The laboratory assays on the thermal dependence of the germination rate of O. pulchella seeds showed that the minimum or base temperature for germination was 11 °C, that is, the seeds are not capable of germinating at that temperature and lower ones (Bradford, 1995) . It has been suggested that the optimum temperature for the germination of a given species corresponds to an adaptation of the species to its habitat as well as to its seed dispersion and seedling establishment period (Vázquez-Yanes, 1976) . The temperature range in which both the germinability and germination rate of O. pulchella seeds presented the highest values was 20 to 32 °C, which is encountered in Cerrado and coastal plain forest (Souza and Lorenzi, 2005) in the seed dispersal period, which occurs preferably in SpringSummer in Restinga forests (Pires, 2006) . Plants, as well as any living organism, require a certain quantity of heat to develop from one stage in their life cycles to another. This measure of accumulated heat is known as physiological time or thermal time, which provides a common reference for the development of organisms. Thermal time (θ) is often expressed in units called degree-days (°C day). In the case of seed germination, θ characterises the linear relation between temperature and the germination rate (Washitani, 1985) under different thermal regimes. The cumulative distribution of the isothermal germination of Ocotea pulchella seeds in the infra-optimum range on a thermal time scale shows that the progress toward germination in that range is relatively low as compared, for example, to cultivated crops . In other words, O. pulchella seeds require a high amount of degrees.day (thermal time) to attain a given percentage of germination (radicle protrusion). The comparison between observed germination percentages (G%) and thermal time (symbols in Figure 4 ) and predicted G% and thermal time (the curve in Figure 4) suggests that the distribution of thermal time within the seed population can exhibit a deviation from the Gaussian, but this was not tested in the present work. In the nominal supra-optimum range it was assumed that thermal time is constant and the variation in maximum temperature (T max ) among the seeds accounts for the differences in germination time. The analysis of the response of O. pulchella seeds to "supra-optimal" temperatures shows that seeds are sensitive to high temperatures considering the relatively low median T max value (the maximum temperature for 50% of the seeds to germinate) obtained. Unfortunately, the low germinabilities in the thermal gradient block could affect the parameters, thus such values must be taken with caution.
The relatively low soil moisture in DG as well as the higher irradiances (PAR) can account for the lower germinability of Ocotea pulchella seeds in those environments as compared to MG, since the lower the water potential in the medium the lower the water uptake by the seeds (Hubbell and Foster, 1986) . The decrease in both soil water potential and air water potential in the gaps can affect mainly the larger seeds with a low area/ volume ratio, since the maintenance of a favourable water balance for germination in such seeds is made difficult (Foster, 1986) . These results are in accordance with those observed in a sampling of regeneration in Restinga forest, where it was observed in low density of seedlings (<30 cm of height) in dry gaps compared to that which occurred in moist gaps (Pires, 2006) . ras -BJB (leia antes de editar as imagens) tamanho 8.
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.5 de Stroke. ados gráficos" com 0.6 de Stroke. do ventos na imagem original, substituir pela padrão da paleta symbol. s com 10% de preto quando houver texto e 50% quando não. ra devem estar todos em Inglês. entro de caixas de texto com 2 mm de distância nas extremidades. o deve estar em "Sentence case". com "100% de PRETO nos strokes. escala, inserir a medida a qual ela se refere (ver legenda da figura) de escalas (micrografias, fotografias, mapas, etc). Usar o estilo correto. Although the germinability of Ocotea pulchella seeds in laboratory conditions was strongly inhibited under flooding, the seeds responded relatively well to the high soil moisture in the field. Inga sessilis occurs in areas where soil flooding is frequent and its germination is delayed and partially inhibited under hypoxia (Okamoto and Joly, 2000) . These authors also reported that nearly 40% of the seeds maintain their germination capacity under hypoxic conditions. A possible waterlogging tolerance can be considered for the present species since it also occurs in forests subjected to periodic flooding, as well as in areas with well drained soils (Sztutman and Rodrigues, 2002; Silva and Britez, 2005; Teixeira and Rodrigues, 2006) . That relative plasticity, that is, the ability of the seeds to germinate in response to environmental fluctuations (soil water), can represent a very important adaptative trait for the occupation of the heterogeneous space temporal micro-habitats in the Restinga forest.
Both the germinability and the germination rate of intact fruits of Ocotea pulchella were reduced as compared to naked seeds, suggesting an inhibitory effect of the pulp as reported to Callophyllum brasiliensis, an abundant tree from Restinga forests subject to flooding (Scarano et al., 1997) . A pericarp-imposed dormancy can be an important trait, allowing the seed to survive under submerged conditions and germinate once exposed to air (Scarano et al., 1997) . Moreover, the pulp removal by birds or ants (Souza and Lorenzi, 2005; Passos and Oliveira, 2003) can eventually promote germination.
Germinability in the understorey was significantly higher than in laboratory conditions. The temperature fluctuations in the natural environment may not account for such results since the response of the seeds to the alternating pair 20-30 °C was similar to the constant temperature (data not presented), and the amplitude of thermal fluctuations recorded in the gaps were higher than in the understorey (Pires, 2006) . A possible explanation for the better germinability in the field is that the soil microflora can favour seed germination on the forest floor (Cardoso, 2004) .
The results presented here show that, although Ocotea pulchella seeds can germinate relatively well over a wide range of light and temperature conditions, varying over the entire range of environmental conditions commonly encountered on the Restinga soil, the germination responses to the environment may not be explained by only one factor but involves the interaction of two or more factors, particularly temperature and soil moisture. Both laboratory and field assays contributed to a better understanding of the role played by the seeds traits and germination process on the ecology and distribution of the species.
